Morbidity and mortality from exposure to extreme cold highlight the need for meaningful temperature thresholds to activate public health alerts. We analyzed emergency department (ED) records for cold temperature-related visits collected by the Acute Care Enhanced Surveillance system-a syndromic surveillance system that captures data on ED visits from hospitals in Ontario-for geographic trends related to ambient winter temperature. We used 3 Early Aberration Reporting System algorithms of increasing sensitivity-C1, C2, and C3-to determine the temperature at which anomalous counts of cold temperature-related ED visits occurred in northern and southern Ontario from 2010 to 2016. The C2 algorithm was the most sensitive detection method. Results showed lower threshold temperatures for Acute Care Enhanced Surveillance alerts in northern Ontario than in southern Ontario. Public health alerts for cold temperature warnings that are based on cold temperature-related ED visit counts and ambient temperature may improve the accuracy of public warnings about cold temperature risks.
The consensus of scientific research is that climate change is associated with a global increased risk of extreme weather and climate events. 1 Generally, health research has focused on the effects of extreme heat and global warming trends; however, chaotic weather patterns induced by a warming Arctic may result in atypically cold winters midlatitude. 2 In a recent study of the relative impact of cold and hot temperatures on mortality rates for selected cities in temperate and tropical climates, Gasparrini et al determined that cold was responsible for a substantially higher proportion of deaths than heat. 3, 4 Understanding the relationship between temperature exposure and acute or chronic health risks and death is essential for creating public health protocols for emergency planning and risk communication.
Real-time syndromic surveillance of acute care patient records could help identify cold temperature-related (hereinafter, cold-related) health effects. Myriad cofactors influence the effect of temperature on health-for example, a person's age and socioeconomic status, length and temperature of exposure, humidity, and volume of precipitation. Therefore, it is difficult to predict temperatures at which alerts should be issued. Real-time surveillance of coldrelated health effects, in concert with real-time surveillance of ambient meteorological factors, provides an opportunity to characterize a population according to the temperature (or its related cofactor) at which health effects occur. This information may allow for more prudent determination of temperatures (or other factors or combinations thereof) for public health protective measures, such as alert messaging.
Kingston, Frontenac and Lennox & Addington Public Health operates the Acute Care Enhanced Surveillance (ACES) system, which monitors emergency department (ED) visits in real time across the province of Ontario, Canada. Canada's universal health care system offers equitable access for essentially all health-seeking behavior, regardless of socioeconomic or insurance status. Currently, 132 hospitals provide data to ACES, representing >80% of hospitals in Ontario that have the technical capacity to share data. Triage records for all ED visits are grouped into syndromes of medical importance via natural-language processing techniques based on a maximum entropy algorithm and keywords or phrases in the chief complaints. In addition to monitoring total visit metrics, ACES uses various statistical process control methods to detect aberrant counts that indicate, for example, a possible disease outbreak. 5 The objectives of our study were to explore the relationship between real-time observations of cold-related ED visits and cold temperatures to determine if (1) there is a relationship between incidences of health-seeking behavior and ambient temperature and (2) these relationships vary by geography.
Methods
We analyzed data on ED visit records collected by ACES during each winter season (December 1 through March 31) from December 2010 through March 2016 to characterize cold-related ED visits according to ambient temperature exposure. The cold-related ED visit syndrome in ACES uses a maximum entropy algorithm and the following keywords: "frostbite," "hypothermia," "cold injury," and "cold exposure."
We used the C1, C2, and C3 adaptive algorithms developed for the Early Aberration Reporting System (EARS) by the Centers for Disease Control and Prevention to detect aberrant ED visit counts and generate public health alerts. The methods for the EARS C-algorithms have been described in detail elsewhere. 6, 7 Briefly, the algorithms standardize daily ED counts through a 7-day moving average: the C1 method uses counts from the 7 previous days, and the C2 and C3 methods include a 2-day lag to prohibit a decrease in sensitivity because of gradual increases in daily counts. 8, 9 Alerts are triggered when daily counts exceed a predetermined upper alerting threshold limit (usually 3 standard deviations for C1 and C2). The C3 method uses a modified method to determine alerting thresholds based on a 3-day average rather than the daily count. 7 We assessed alerts generated through each C-algorithm at the geographic level of hospital to determine rates of coldrelated ED visits per 100 000 ED visits, and we aggregated data for hospitals within local public health agency (LPHA) regions. We then compared alert dates with daily minimum temperatures recorded at nearby Environment and Climate Change Canada meteorological stations. 10 We pooled the northern LPHAs to represent a population that was exposed to the lowest temperatures in the province. The northern LPHAs-Northwestern Health Unit, Porcupine Health Unit, and Thunder Bay District Health Unit-compose the entire northern portion of Ontario above Lake Superior. The southern LPHA is Toronto Public Health, which is smaller in land area and larger in population when compared with the northern LPHAs, and it represents a population exposed to less extreme cold than the northern LPHAs. We compared the temperatures of alerts in the northern LPHAs with those observed in Toronto Public Health and qualitatively assessed the relative effectiveness of the C-algorithms for determining cold threshold temperatures for public warning protocols.
The aberration alerts generated by the C1, C2, and C3 methods for the northern LPHAs and Toronto Public Health were collated for only the 2014-2015 and 2015-2016 winters because the first 4 winters of the study period were relatively mild and resulted in very few coldrelated ED visits.
The health information used in this analysis was obtained and is reported herein in accordance with data-sharing agreements between each hospital or LPHA and ACES.
Results
The northern LPHAs were exposed to the lowest temperatures and had the highest rates of cold-related ED visits of all Ontario LPHAs: Northwestern Health Unit (39.8 per 100 000 ED visits), Porcupine Health Unit (32.0 per 100 000 ED visits), and Thunder Bay District Health Unit (37.3 per 100 000 ED visits). The Toronto-area LPHA had an ED visit rate of 18.8 per 100 000 ED visits for cold-related health conditions. For cold-related ED visits in the northern LPHAs, the average age of patients was 32 years, and 72.1% of patients were male. For cold-related ED visits in the Toronto Public Health area, the average age of patients was 40 years, and 73.2% of patients were male.
For both LPHA regions, the C2 method generated the most alerts: 31 for the northern LPHAs (Table 1) and 34 for Toronto Public Health ( Table 2 ). The C1 and C3 methods produced a similar number of alerts (C1: 16 alerts; C3: 13 alerts) but on different dates for the northern LPHAs. The C1 and C3 methods produced 14 and 20 alerts, respectively, for Toronto Public Health. The number of ED visits resulting in an alert ranged from 1 to 5 for the northern LPHAs and from 1 to 12 for Toronto Public Health.
We found lower temperatures for alerts generated in the northern LPHAs compared with alerts generated by Toronto Public Health. The mean temperature for alerts in the northern LPHAs ranged from -30.0 C + 5.6 C for the C3 method to -20.5 C + 10.3 C for the C1 method ( Table 1 ). The mean temperature alerts for Toronto Public Health ranged from -12.8 C + 5.5 C for the C3 method to -8.8 C + 8.5 C for the C2 method ( Table 2 ).
Discussion
Choosing the appropriate alerting algorithm is key to minimizing false alerts in any syndromic surveillance system, especially when seeking to identify a signal from a very specific and relatively small set of keywords, such as keywords related to cold exposure. In our study, the C2 method was the most effective for identifying cold-related ED visits even when considering that the large number of alerts generated need to be assessed for false alerts. The C1 method inherently missed alerts on subsequent days after an initial increase because of the inflated upper threshold that resulted from using the preceding 7-day moving average. For example, the C1 method failed to identify an alert on January 3, 2015, for the northern LPHAs. The C3 method is generally considered the most sensitive of the 3 methods 7 ; however, the C3 method did not identify alerts on several days with aberrant counts, such as on February 11, 2016, in the northern LPHAs and on February 15, 2015, in Toronto Public Health. Although the C2 method generated the most alerts, Alerts were generated by the Acute Care Enhanced Surveillance system, which provides syndromic surveillance for most of Ontario's acute-care facilities. c C1, C2, and C3 are adaptive algorithms of differing sensitivity developed for the Early Aberration Reporting System to detect aberrant ED visit counts standardized to 7-day baselines: C1 uses the previous 7 days; C2 and C3 include a 2-day lag before calculating the 7-day baseline. C3 uses a 3-day average rather than daily counts. 6,7 d Checkmarks indicate that an alert was generated for that date, based on the aberration detection method indicated.
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Public Health Reports 132 (Supplement 1) decisions on which alerts should be investigated lie with the analyst who is investigating them. The work needed to investigate the possibility of false alerts for a low-volume syndrome such as cold exposure should not be too onerous and therefore is likely the preferred option to missing an alert. Alerts were generated by the Acute Care Enhanced Surveillance system, which provides syndromic surveillance for most of Ontario's acute care facilities. c C1, C2, and C3 are adaptive algorithms of differing sensitivity developed for the Early Aberration Reporting System to detect aberrant ED visit counts standardized to 7-day baselines: C1 uses the previous 7 days; C2 and C3 include a 2-day lag before calculating the 7-day baseline. C3 uses a 3-day average rather than daily counts. 6,7 d Checkmarks indicate that an alert was generated for that date, based on the aberration detection method indicated.
The differences in mean alert temperatures may reflect several factors that potentially differ for the populations served by the LPHAs-for example, population acclimation to low temperatures (including biological factors and social norms in preparedness) and the high incidence of homelessness or poverty in an urban environment. For example, 1 hospital in the Toronto Public Health area, Toronto Western Hospital, had rates of cold-related ED visits that were comparable to those of the northern LPHAs (37.8 per 100 000 ED visits). This rate may have resulted from the presence of higher concentrations of cold-vulnerable populations in its service area (eg, homeless people or an immigrant population that may not be habituated to cold temperatures). It may be more prudent to analyze ED visits by hospital geography rather than LPHA geography for the analyses to control for population differences.
One limitation of this study was the use of chief complaint data and the lack of standardization of this data field across hospitals submitting data to ACES. Given the nature of environmental exposure, however, we feel that misclassification would be minimal. Underrepresentation of the burden of cold temperatures through ED visits was more likely, making it imperative to look at other sources of data, such as telemedicine calls and ambulance dispatch data, to augment data on ED visits.
These preliminary results emphasize the need to test different aberration detection methods and to expand on regional temperature thresholds for alerts. We are examining other aberration detection methods, such as other cumulative sums-based methods, to increase the sensitivity of aberration detection with the low counts of ED visits for cold-related health conditions. Future research will explore the effects of extreme cold temperatures on the social determinants of health that are accessible using metrics from the Canadian census data. These analyses should refine our alerting practices to account for differences in population-level characteristics and provide information on population-level heat and cold resiliency. We will also explore alternate sources of health information to validate these results, including retrospective hospital admission records and telemedical records.
